A parthenogenetic Artemia population from Torre Colimena, southern Italy, originally reported in 1998, is characterized by a multidisciplinary approach including cyst and naupliar biometry, morphometry of adults, scanning electron microscopy (SEM) of brood pouch, cytogenetics and 16S rRNA PCR-RFLP analysis. We confirmed parthenogenetic status, inferred ploidy level and determined phenotypic and molecular relationships of this population through comparisons with other asexual Artemia strains as well as bisexual species found (A. salina) or introduced (A. franciscana) in the Mediterranean basin. Cyst and naupliar sizes for Torre Colimena are among the smallest recorded for asexual Artemia while the opposite is true for chorion thickness. Discriminant analysis of adult body measurements shows increased differentiation (89.5% for the first four out of the twelve functions produced) from tetraploid parthenogenetic strains and bisexual species (A. salina and A. franciscana). Scanning electron micrographs of brood pouch reveal the characteristic morphology of asexual strains, while chromosome observations of instar-I nauplii unequivocally establish diploidy. Restriction patterns give evidence that the Torre Colimena population shares an identical set of mitochondrial DNA (mtDNA) polymorphisms with a diploid Spanish parthenogenetic strain and it is well differentiated from other tetraploid as well as bisexual auto-and allochthonous strains (A. salina and A. franciscana) from the Mediterranean. The present study may serve as a reference methodological framework for multidisciplinary characterizations and biodiversity assessments in the genus Artemia.
A parthenogenetic Artemia population from Torre Colimena, southern Italy, originally reported in 1998, is characterized by a multidisciplinary approach including cyst and naupliar biometry, morphometry of adults, scanning electron microscopy (SEM) of brood pouch, cytogenetics and 16S rRNA PCR-RFLP analysis. We confirmed parthenogenetic status, inferred ploidy level and determined phenotypic and molecular relationships of this population through comparisons with other asexual Artemia strains as well as bisexual species found (A. salina) or introduced (A. franciscana) in the Mediterranean basin. Cyst and naupliar sizes for Torre Colimena are among the smallest recorded for asexual Artemia while the opposite is true for chorion thickness. Discriminant analysis of adult body measurements shows increased differentiation (89.5% for the first four out of the twelve functions produced) from tetraploid parthenogenetic strains and bisexual species (A. salina and A. franciscana) . Scanning electron micrographs of brood pouch reveal the characteristic morphology of asexual strains, while chromosome observations of instar-I nauplii unequivocally establish diploidy. Restriction patterns give evidence that the Torre Colimena population shares an identical set of mitochondrial DNA (mtDNA) polymorphisms with a diploid Spanish parthenogenetic strain and it is well differentiated from other tetraploid as well as bisexual auto-and allochthonous strains (A. salina and A. franciscana) from the Mediterranean. The present study may serve as a reference methodological framework for multidisciplinary characterizations and biodiversity assessments in the genus Artemia. most striking aspects of Artemia biogeography is the spatial distribution of parthenogenesis which is characteristically confined to the old world, despite some unjustified reports (e.g. Cuellar, 1991; Campos-Ramos et al., 2003) . Asexuality in Artemia is obligate, and the different populations may be diploid (automictic and, therefore, mainly polyclonal), polyploid (apomictic and mainly monoclonal) or consist of mixtures of different ploidies (see Baxevanis and Abatzopoulos, 2004 and references therein). Among $470 Artemia populations of confirmed reproductive mode reported (Van Stappen, 2002) throughout the world, 36% are parthenogens. The Mediterranean basin is of particular importance as it is believed to be the centre of origin for parthenogenetic Artemia (Beardmore and AbreuGrobois, 1983 ) contradictory views do exist (Perez et al., 1994; Hebert et al., 2002) . In this area, parthenogenetic populations are also frequent, while most data come from the Iberian Peninsula (Amat, 1980; Hontoria and Amat, 1992; Amat et al., 1995) and Greece (see Abatzopoulos et al., 2002b and references therein) .
Besides parthenogens, the bisexual species that dominates the Mediterranean basin is A. salina. Artemia persimilis, although initially described in San Bartolomeo saltworks, Sardinia (Piccinelli and Prosdocimi, 1968) is no longer found there and it is currently believed to be confined to Argentina and some localities in Chile (Cohen et al., 1999; Amat et al., 2004; Gajardo et al., 2004) . Populations of the American brine shrimp A. franciscana have also been recorded mainly in the Iberian Peninsula Green et al., 2005) and recently in Italy (unpublished data) . Over the last 15 years, as numerous brine shrimp habitats were continuously reported, scientists in the field realized the need for an adequate recording of biodiversity with prospective benefits not only for basic research but also for aquaculture purposes. Parthenogenesis has acquired a key role in this line of research owing to its persistence and abundance. As a consequence, biodiversity inquiries started materializing into a growing body of data that provided valuable information on several aspects of the biology of Artemia as well as useful comparisons between and within sexual and asexual populations. Although these comparisons may involve a great number of different traits in Artemia, amongst the most informative with regard to strain characterization, aquaculture and evolutionary relationships have been those based on biometric, morphometric/morphological and genetic/molecular assays.
Data on cyst and naupliar biometry from 17 strains originating from 14 countries (Vanhaecke and Sorgeloos, 1980) have given evidence for significant differences among Artemia strains and interesting correlations between cyst and naupliar characteristics. In the frequency distribution of cyst size, parthenogenetic strains appear to occupy the right part (larger size) of the distribution. With few exceptions (batches of the same strain), the quantitative variation of most biometric parameters is strain specific. Considering adult body size and/or proportions, Hontoria and Amat (Hontoria and Amat, 1992) have shown that parthenogenetic diploid and tetraploid populations from the western Mediterranean basin can be thoroughly discriminated by their morphometry, and they are also sufficiently differentiated from their sexual relatives. In a similar study on old world asexuals, Triantaphyllidis et al. (Triantaphyllidis et al., 1997a) revealed five main groups of morphometrical patterns, one of which was associated with parthenogenetic populations from Greece. El-Bermawi et al. (El-Bermawi et al., 2004 ) also used discriminant analysis of morphometric variables to correctly assign individuals from the eastern Mediterranean to parthenogenetic coastal and inland types and to a bisexual population. Besides morphometry, morphological variation has provided equal discrimination both inter-and intra-specifically (Triantaphyllidis et al., 1997b; Mayer, 2002; Mura and Brecciaroli, 2004) . Similar patterns of differentiation have been strongly demonstrated not only by the significant amount of genetic divergence between parthenogenetic and bisexual populations (Abreu-Grobois and Beardmore, 1982; Perez et al., 1994; Triantaphyllidis et al., 1997b; Sun et al., 1999a,b; Abatzopoulos et al., 2002a) but also by the extent of polyclonality and intra-population clonal diversity within parthenogens (Browne, 1988 (Browne, , 1992 Browne and Hoopes, 1990; Browne and Bowen, 1991; Zhang and King, 1992; Abatzopoulos et al., 1993; Nascetti et al., 2003) .
It is therefore obvious that additional data are expected to instill critical knowledge into a number of intriguing issues as, e.g. whether ploidy level in parthenogenetic strains is geographically patterned and what is the phylogenetic history of polyploidy. To this end, characterizations of new Artemia populations have recently been greatly encouraged in an effort to assess the amounts of biodiversity and its components in different areas of the world. In the current study, a new parthenogenetic Artemia population from Torre Colimena, Italy, is characterized by a multidisciplinary approach and compared with other parthenogenetic as well as reference bisexual populations.
M E T H O D Site description
The Vecchia Salina at Torre Colimena (Gulf of Taranto, Apulia, southern Italy, 40 18 0 09 00 N; 17 43 0 51 00 E) is a retrodunar astatic pond covering an area of $25 ha, with its major axis ($950 m) parallel to the coastline (Fig. 1) . Formerly a saltwork, this basin is at present separated from sea and primarily depends on rainfall for its filling, though weak freshwater springs have been reported at its northwestern edge (Montelucci and Parenzan, 1967) . Water level, salinity and temperature markedly vary seasonally, being affected by precipitation and evaporation rates. Depth never exceeds 70 cm at maximum filling, to decrease to 20 cm or less at the beginning of the hot season. Salinity normally ranges from 40 gL À1 during winter to 290 gL À1 in summer (owing to evaporation). Similarly, water temperature fluctuates between 5 and 6 C in winter and 36.5 and 37 C during summer. The presence of a parthenogenetic Artemia population in this abandoned saltwork was first recorded in 1998 (Mura et al., 1999; Moscatello et al., 2002) , co-occurring with another anostracan species (Branchinella spinosa). Details on the seasonal population abundance of Artemia (both active and resting stages) can be found in Moscatello and Belmonte (Moscatello and Belmonte, 2004 ).
Cyst and naupliar biometry
A small quantity of cysts was collected from the field, processed according to Sorgeloos et al. (Sorgeloos et al., 1978) and used to obtain information on biometrics. Diapause deactivation followed the methods proposed by Lavens et al. , while decapsulation of the cysts was performed according to Sorgeloos et al. (Sorgeloos et al., 1986) . Hydrated cyst diameter of decapsulated and non-decapsulated cysts, cyst chorion thickness and instar-I naupliar length (following hatching under standard conditions, Sorgeloos et al., 1986) were determined according to the methodology described by Vanhaecke and Sorgeloos (Vanhaecke and Sorgeloos, 1980) . Length of ovoviviparously produced instar-I nauplii (obtained in culture, see culture conditions) was measured according to the same methodology.
Culture conditions
The Torre Colimena population was raised under standard conditions (Hontoria and Amat, 1992) in order to minimize the effects of abiotic factors on growth and body proportions (Gilchrist, 1960; El-Bermawi et al., 2004) . Cysts were hatched in seawater (38 gL À1 salinity), at 28 C and under constant aeration and light (hatching percentage at 48 h > 90%). The larvae (instar-II) were transferred to a 5-L container with filtered seawater. Temperature was maintained at 24
C under a 12-h light/12-h dark photoperiod, while moderate aeration was supplied from the bottom of the culture. The animals were fed on a mixture (1:1) of the unicellular algae Dunaliella salina and Tetraselmis suecica. The medium was completely renewed twice per week with fresh microalgae cultures.
Morphometry and discriminant analysis
As soon as females reached reproductive maturity (i.e. well-developed egg sacs were obvious), a random sample of 30 individuals were removed from the culture, anaesthetized with chloroform-saturated water and measured under a dissecting microscope. The following morphometric characters were measured (Amat, 1980) in each female: total length, abdominal length, width of the third abdominal segment, width of the ovisac, length of the furca, number of setae on each branch of the furca, width of the head, maximal diameter and distance between the compound eyes, length of the first antenna and ratio of abdominal length Â 100/total length. Using the morphometric database developed at the Instituto de Acuicultura de Torre de la Sal (Amat et al., 1995) , these variables were analysed through multivariate discriminant analysis (Hontoria and Amat, 1992) in order to characterize the parthenogenetic population from Torre Colimena by establishing relationships with different parthenogenetic Artemia populations from the Mediterranean area as well as with A. salina and A. franciscana.
The discriminant analysis is a multivariate procedure that provides a series of variables, which are linear functions of the morphometric variables studied. These functions maximize the separation among different groups of observations defined a priori (Anderson, 1984) . Thus, the first discriminant function is the equation of a line cutting across the intermixed cluster of points representing the different observations. This function is constructed in such a way that the different predefined groups will evaluate it as differently as possible. In the analysis carried out, the separation criterion was the origin of each population. A backward stepwise procedure was used; it allows removal of the different variables from the model separately and ranking of them for their relative importance in discriminating Artemia populations. Nevertheless, all examined variables were finally kept in the model. Discriminant analysis was carried out using the Statistical Package for Social Scientists (SPSS) (version 11.0) statistical package.
Scanning electron microscopy
A random sample of 50 females was prepared, as described in Mura (Mura, 1991) . After dehydration in a graded series of alcohol, the material was critical point dried, gold coated and observed using a LEO Cambridge scanning microscope. The morphological traits examined were the general shape (ventral view) and the ornamentation of the brood pouch. Scanning electron microscopy (SEM) was used in order to determine whether the morphology of the ovisac bears features typical to those of parthenogenetic forms (Barigozzi, 1974; Amat, 1980) .
Cytogenetics
Chromosome number and chromocentres were studied using instar-I nauplii, following the method of Abatzopoulos et al. (Abatzopoulos et al., 1986) . Diploid nauplii have some polyploid cells (e.g. nurse cells; Criel, 1991) and, therefore, several mitoses per nauplius were examined to avoid false results (observations involving one mitosis per preparation were excluded from the analysis). Observations were performed using a LEITZ phase contrast microscope equipped with a photomicrographic camera.
Molecular analysis
Two parthenogenetic Artemia populations as well as three bisexual populations previously characterized as A. salina, A. franciscana and A. persimilis were used as control material for comparing with the population of Torre Colimena. Data for A. salina were taken from Baxevanis et al. (Baxevanis et al., 2005) , while for A. franciscana and A. persimilis from Gajardo et al. (Gajardo et al., 2004) . Details of the Artemia populations used for molecular analysis and their abbreviations are summarized in Table I .
Total genomic DNA was extracted from $30 individuals from each population using Chelex resin (Bio-Rad Laboratories, CA, USA) with proteinase K pre-treatment (Estoup et al., 1996) . Part of the 16S rRNA gene was amplified using the universal primers L 2510 and H 3080 ROC, ODI and TCL were scored genetically in this study. Data for SAL were taken from Baxevanis et al. (Baxevanis et al., 2005) and SFB and BAI from Gajardo et al. (Gajardo et al., 2004) . a Present study. (Palumbi, 1996) . The PCR conditions and amplification steps are described in Baxevanis and Abatzopoulos (Baxevanis and Abatzopoulos, 2004) . Five to seven microlitres of the PCR products were digested with eight restriction endonucleases, electrophoretically separated in 1.5% agarose gels, stained with ethidium bromide, visualized and photographed under UV light. The following restriction enzymes were used: AluI, BfaI, DdeI, DpnII, HaeIII, MspI, NotI and RsaI. For molecular weight size standard, a 100-bp ladder (New England BioLabs, MA, USA) was used. A specific letter was used to identify distinct single endonuclease patterns. Each individual was assigned a multiletter code that described its composite mitochondrial DNA (mtDNA) genotype. The raw data were fragment profiles, but site differences among haplotypes were inferred from changes in fragment profiles as these could be accounted for by the gain or loss of particular restriction sites. Site inference was aided by the published sequence of the whole mtDNA of A. franciscana (GI: 5835051, Valverde et al., 1994) . Nucleotide divergence estimates were computed using the statistical package REAP 4.0 (McElroy et al., 1992) . A Unweighted Pair Group Method with Arithmetic Mean (UPGMA) dendrogram was constructed, based on genetic distances, using the NEIGHBOR module of the Phylogeny Inference Package (PHYLIP) 3.6b software (Felsenstein, 2004) .
R E S U L T S Biometry
In Table II , results on cyst and naupliar biometrics are presented along with data from other parthenogenetic strains from the Mediterranean basin. Although some of the data in Table II were obtained on small samples, the results show that diameters of both non-decapsulated and decapsulated Torre Colimena cysts exhibit values (244.50 AE 12.60 and 219.48 AE 9.64, respectively) that are very close to the lower edge of the ranges of most known Mediterranean parthenogenetic strains. The same is true for the sizes of both oviparously and ovoviviparously produced instar-I nauplii, while for chorion thickness the value for the population of Torre Colimena (12.51 AE 2.28) is, to our knowledge, among the highest recorded so far (Vanhaecke and Sorgeloos, 1980) .
Morphometric analysis
The origin of the different populations used and their species status are summarized in Table III. In Table IV and Fig. 2 , the results, when the origin of the populations was used as a separation factor, are displayed. The multivariate procedure produced 12 discriminant functions, yet the first four of these functions gave a cumulative separation of 89.5%. The first 11 functions calculated were highly significant (P < 0.001). For clarity, the first two discriminant functions solved in the mean point of each group (centroids) instead of individual observations are shown in Fig. 2 . The morphometric characters that were highly correlated with the first discriminant function were the abdominal length and the length of the first antenna, while those related to the second function were the abdominal width and the width of the ovisac (Table V) . The centroids can be considered as representative of each group because of the significance levels. Four groupings are evident from Fig. 2 : parthenogenetic diploid, parthenogenetic tetraploid, A. salina and A. franciscana. The population from Torre Colimena belongs to the cluster of diploid parthenogenetic strains.
Scanning electron micrographs of the brood pouch SEM observations on the morphology of the brood pouch (Fig. 3) have revealed the characteristic laterally triangular and pointed ovisac, with no pointed lateral lobes, of parthenogenetic forms (Barigozzi, 1974; Amat, 1980) . The frontal spines appear to be rudimentary to medium-sized, while the ectodermal ridge structure shows a highly demarcated surface, bearing intense ornamentation.
Chromosome number and chromocentres
Examination of 103 nauplii revealed that the Torre Colimena population is diploid (2n = 42). No distinct chromocentres were observed in the nuclei, such as those found in populations of A. franciscana and A. persimilis (Barigozzi and Baratelli Zambruni, 1982; Abatzopoulos et al., 1986; Gajardo et al., 2001) . The appearance of Torre Colimena resting nuclei was similar to that of A. salina population from Sfax (Tunisia).
MtDNA divergence
The size of the PCR-amplified mtDNA fragment was $535 bp. Routine screening of the three Artemia populations scored in this study as well as of A. salina (by Baxevanis et al., 2005) , A. franciscana and A. persimilis (by Gajardo et al., 2004 ) revealed a total of 20 cleavage sites corresponding to 82 nucleotides ($15% of the amplified fragment). The restriction patterns generated by each enzyme are summarized in Table VI . In total, seven haplotypes (composite genotypes) were found and are summarized in Table VII . No composite genotype was shared between parthenogenetic (ROC, ODI, TCL) and bisexual (SAL, SFB, BAI) individuals, while haplotype 2n was common between ROC and TCL. Apart from the new world populations (SFB and BAI), no haplotype diversity was found within the populations (Table VII) . The UPGMA tree in Fig. 4 was constructed based on the distance matrix between haplotypes. Haplotypes belonging to A. persimilis were grouped together as did haplotypes of A. salina and A. franciscana. Composite genotypes belonging to parthenogenetic Artemia populations were grouped separately from the respective of bisexual species. The parthenogenetic clade consisted of haplotypes 2n and 4n belonging to di-and tetraploid asexuals, respectively. It should be noted that the bootstrap values for all clusters were >70%.
Mean nucleotide divergence values are summarized in Table VIII . Artemia persimilis seems to be the most divergent lineage (distance estimates ranging from 17.0 to 20.8%). Minimum nucleotide divergence (6.3%) was observed between SAL and SFB populations. No nucleotide divergence was observed between ROC and TCL populations (ROC is a diploid parthenogenetic population). Distance values (7.6%) between diploid and tetraploid parthenogenetic strains were greater than the distance value between A. salina (SAL) and A. franciscana (SFB). The lowest estimate of nucleotide divergence between parthenogenetic and bisexual Artemia was 8.6% (ODI versus SFB). The UPGMA tree constructed by using pairwise nucleotide divergence is presented in Fig. 5 . Accordingly, the parthenogenetic Artemia population from Torre Colimena was grouped with the diploid parthenogenetic Artemia population (ROC) from Spain.
D I S C U S S I O N
This study has been designed to provide a detailed characterization of a new Artemia population from Vecchia Salina, a former saltwork at Torre Colimena, southern Italy. Mode of reproduction, ploidy level, genetic and phenotypic relationships to other representative populations from the Mediterranean basin have been examined and confirmed using a variety of characters, including cyst and naupliar biometrics, adult morphometry, ovisac SEM, cytogenetics and mitochondrial 16S rRNA restriction patterns.
The Artemia population from Torre Colimena is a diploid parthenogenetic strain. Conclusive evidence for the parthenogenetic status was obtained by the observation of complete absence of males in the culture. Asexuality was also inferred by SEM of the shape of the brood pouch as well as by the resulting clusterings during morphometric and molecular analyses. Diploidy (2n = 42) was confirmed by the observation of metaphasic nuclei in nauplii, and it was also supported by discriminant and molecular evidence.
Both cyst diameter (before and after decapsulation) and instar-I naupliar length of the TCL strain are among the smallest ever recorded for parthenogenetic Artemia. They are comparable with those reported by Triantaphyllidis et al. (Triantaphyllidis et al., 1996) for a diploid parthenogenetic population from Namibia and by Vanhaecke and Sorgeloos (Vanhaecke and Sorgeloos, 1980) for A. franciscana from Great Salt Lake (USA). These characteristics, in combination with the significantly increased chorion thickness (Table II) , could render the TCL population particularly interesting for aquaculture purposes, provided proper management of the site is assured (Abatzopoulos et al., 1989) .
Analysis of a set of 12 morphometric variables in 28 populations (database of Instituto de Acuicultura de Torre de la Sal; Amat et al., 1995) provided increased discrimination (Tables IV and V) among the different phenotypic groups (using origin of each population as a separation factor). The discriminant analysis was based on the rationale that a sound characterization of the TCL strain should include comparisons with populations from the Mediterranean basin which cover the morphometric variability found in this region as a whole (i.e. A. salina, A. franciscana, di-and tetraploid parthenogens; Table III JOURNAL OF PLANKTON RESEARCH j VOLUME 27 j NUMBER 9 j PAGES 895-907 j 2005 first antenna). Parthenogenetic di-and tetraploid strains are mostly discriminated by the second discriminant function (widths of abdomen and ovisac). In spite of the large number of populations used in the discriminant analysis (Table III) , the model explained 89.5% of the total variance already by the first four functions, (Amat et al., 1995) . In addition to the previous suites of data, mitochondrial 16S rRNA PCR-RFLP analysis has provided information that ekes further the characterization of the diploid parthenogenetic strain from Torre Colimena. Similarly to morphometry, the molecular assay has been designed in order to include populations representative of the total molecular diversity identified so far in the Mediterranean basin. Strains TCL and ROC share an identical set of mtDNA polymorphisms and together are grouped separately from the tetraploid ODI population as well as the remaining bisexual species (Figs 4 and 5) . Furthermore, the amount of nucleotide divergence between di-and tetraploid parthenogens (7.6%) is considerably higher than that between SAL and SFB (6.3%; Table VIII ). Based on mean nucleotide divergence estimates, diploid parthenogenetic forms (ROC, TCL) seem to be more related to A. salina (SAL) than is tetraploid Artemia (ODI), while the reverse is true considering A. franciscana (SFB) ( Table VIII) . This finding, although consistent with the accepted series of phylogenetic events in the genus (Abreu-Grobois, 1987 ) with regard to A. salina, bears no such correspondence when the comparison is drawn to A. franciscana. In other words, tetraploidy postdates diploidy using as a reference A. salina, but this order is reversed when the reference is A. franciscana. Using cytochrome b sequence comparisons, Perez et al. (Perez et al., 1994) found a substantial amount of differentiation between Spanish parthenogenetic diploid and tetraploid strains and a closer degree of relatedness of either of them to A. franciscana than to A. salina. In a study of a number of diploid and tetraploid populations from Italy, Nascetti et al. (Nascetti et al., 2003) found that a significant degree of The enzymes used were in the following order: AluI, BfaI, DdeI, DpnII, HaeIII, MspI, NotI and RsaI. For full forms of the population names, see Table I . . UPGMA tree of the eight Artemia mitochondrial DNA (mtDNA) composite genotypes as described in Table I . Table I .
JOURNAL OF PLANKTON RESEARCH j VOLUME 27 j NUMBER 9 j PAGES 895-907 j 2005 allozymic differentiation exists even between neighbouring tetraploid strains. These authors interpreted the widespread fixed heterozygosity in their tetraploid samples either as a result of local adaptation to different environmental conditions or as a sign of random hybridization between allopatrically differentiated bisexual taxa (possibly A. salina). Although, our results show that geographically distant diploid strains (i.e. ROC and TCL) can be genetically identical, estimates, from other studies, of genetic differentiation within and between different ploidy levels attest that more thorough investigations are needed for a careful elucidation of the evolutionary history of polyploidy and its patterns of divergence. It is quite probable that explanations regarding the genetic heterogeneity within parthenogens and the evolution of polyploidy cannot stand firmly on the basis of historical relationships alone. As far as phylogenetic signal and molecular-based identification are concerned, the results of the 16S restriction analysis yield further support to the mtDNA marker used and its relevance to evolutionary questions addressed in Artemia (e.g. Gajardo et al., 2004; Baxevanis et al., 2005) .
The multidisciplinarity perspective implemented in the current study offers a comprehensive example of the validity of such approaches to characterizations of different Artemia populations (Triantaphyllidis et al., 1997b; Abatzopoulos et al., 2002b; Kappas et al., 2004) . Although directly dependent on laboratory equipment, budget and sample size, application of several techniques enables, from a methodological point of view, retrieval of information over and above the individual assays. Hence, the net gain in biological interpretation is not because of the simultaneous assessment of different markers or characters but rather to emerging patterns of the analysis supported by multiple data sets and to a more solid understanding. The methods employed in this work, potentially applicable to other organisms with similar biology, may serve as a step-by-step reference guide, provided standard protocols are followed, for an adequate characterization of new Artemia populations. Inter-disciplinary data carry greater weight and answer the same biological question through the evaluation of a larger portion of biodiversity (e.g. biometric, morphometric, molecular) in the examined taxon. Multidisciplinary approaches in Artemia have been strongly emphasized (see Abatzopoulos et al., 2002b and references therein), universally addressed as a test field for the capabilities of available markers for retrieval of biologically relevant information and almost invariably proven as a bridge between basic and applied investigations. Table I .
A C K N O W L E D G E M E N T S
G. MURA ETAL. j MULTIDISCIPLINARY CHARACTERIZATION OF DIPLOID ASEXUAL ARTEMIA
